Approved for Public Release; Distribution Unlimited The aim of this 4-year prospective cohort study of 891 cadets at the United States Military Academy at West Point was to examine the determinants of stress fractures and the acquisition of peak bone mass in elite military cadets. Cadets BMD, on average, was above the population mean (1 SD) at the calcaneus, hip and lumbar spine. Determinants of bone mass we identified included: menstrual function in females and prior exercise and milk drinking in men. Bone density was also related to standardized run score, PT score and body mass index. The accrual of bone mass in women was related to current menstrual function, other factors related to peak bone mass in males and females are currently being investigated. There were 131 stress fractures during the 3.5 years of follow-up, with the majority occurring within the first 3 months. The incidence of stress fractures was higher in females versus males. In a nested case control design, PTH, BSAP, IGF-1 and NTX were unrelated to stress fracture. Collagen 1 Al was not related to bone density or stress fracture. Fitness upon entry assessed by run score was significantly associated with stress fractures in both genders. In women with fractures, BMD at the heel, spine and hip were all lower than in women without fractures.
SECTION I -INTRODUCTION:
The study " The Determinants of Peak Bone Mass and Stress Fractures in Elite Military Cadets" was designed to examine four specific aims. They had been modified slightly because full funding for multiple phlebotomies was not granted. A modification to this grant was received and accepted on June 25,2001 when $60,134 was sent based on a letter dated 2 March 2001. Other changes since the inception of the study was the addition of bio-electrical impedance to determine lean mass, because of the inadequacies of BMI as a measure of fat and lean mass in the cadet population. Bio-electrical impedance was selected for its reliability and ease of use. To facilitate the examination of relationship between disordered eating and the attainment of peak bone mass an addendum to the protocol was submitted to Keller Army Hospital IRB in September 2001. An additional assessment was made in conjunction with the interests of academy personnel. This change was to use the Eating Disorder Inventory -2 by Gamer (Appendix A).
The specific aims of the study remain the same and they are:
(1) To determine the epidemiology of stress fractures in West Point Cadets during their four years at the Academy. To identify the relative importance of bone mass, quality and turnover, calcium intake and physical training in determining the risk of stress firactures.
(2) To examine the relationship of allelic variation in three separate genetic markers (Vitamin D Receptor, Type I Collagen and Estrogen receptor) to stress fractures and bone mass. Note: Funding was just obtained in June 2001 to accomplish this task.
(3) To determine the incidence of abnormal gonadal function, including menstrual irregularity and sex steroid production, in male and female cadets during intensive physical training. Note: The procedure to research this technical objective was not funded. Women's menstrual function was still assessed by questionnaire but no longitudinal blood samples were collected. There will be no assessment of male gonadal dysfunction.
(4) To determine prospectively the relative importance of gonadal function, calcium intake and physical activity as determinants of bone turnover, mass and quality at multiple sites in male and female cadets. NOTE: The procedure to longitudinally assess serum levels of sex steroids (in women: estradiol; in men: testosterone and estradiol) and the bone turnover markers (osteocalcin and crosslinked C-telopeptide) were not funded. Calcium intake was still assessed annually by food frequency questionnaire and physical activity was assessed by collecting class registration and corps squad information from the academy. Menstrual function in female cadets was determined by questionnaire. Because the investigative team believed that the turnover markers might be important as predictors of fracture risk, additional funding sources were requested and obtained in June 2001.
SECTION II -BODY:
The determinants of peak bone mass and stress fractures are of interest to members of the miUtary community. A higher peak bone mass is beheved to relate to a subsequent reduction in the risk of osteoporosis and osteoporotic fracture later in life. '^^ There is also evidence that greater bone mass acquisition may reduce the incidence of both stress fractures and traumatic fracture.^''^ The major determinants of peak mass have been identified to be genetics, physical activity, nutrition and gonadal function. ^'^'^ Predictors of stress fracture as well as the attainment of peak bone mass are the two main outcomes being assessed on the class of 2002 over a 4-year period at the United States Military Academy.
Prior to initiation of the study in June of 1998, each cadet of the incoming class of 2002 was mailed an overview and a consent form to review at home. The Class of 2002 was briefed by company and then subsequently enrolled in the study. Table 1 provides these initial participation rates. The maximum cadet enrollment in the study was 891. Of that 891,179 of the cadets vdthdrew from the academy for academic or other reasons. Thus, the number of participants available for final data collection was 712. Of these, 433 or 61% presented for their final visit.
The data collection efforts during this year focused on follow-up bone density measurements of the different skeletal sites, body composition data, dietary intakes (Appendix B) and menstrual function (Appendix C) and in addition the final year assessment included an eating disorder assessment (Appendix A). The eating disorder assessment examined historical characteristics of weight and weight loss as well as 11 variables examining current attitudes towards dieting, eating and body image. This information will be used to explore which cadets, if any, have an eating disorder and the relationship eating disorders might have on the acquisition of peak bone mass.
-5-Stress fracture occurrence was updated until January 2O02 with the remaining data pending. The study team had hoped to complete a mid-term visit during winter intercession, January 2002, to improve the follow up when cadets have less time constraints, however this data collection period was not approved (in part as a result of 9/11/01). Therefore, the final data collection period occurred during the period of May 6-30,2002, a period which coincides with exams and graduation requirements. As in previous years, cadets were notified by e-mail both on a group and individual basis of the upcoming data collection period. The website http://sql3.pica.army.mil/CadetStudy/htm), and e-mail continued to be the prime method of communication between the cadet participants and the study researchers. The website also provides information to academy personnel who are interested in the study. The cadets signed up for appointments on the study website, which allowed them to choose a time that was most convenient for them.
The same 3 tools were used to assess various physiologic properties of the bone. The tools used for the bone densitiometry included 2 Lunar Pixi peripheral DXA machines, 1 Norland peripheral XCT 2000 scanner and a mobile Lunar DPX-IQ. The Lunar Pixi machines were used to take a calcaneus bone density measurement. The Norland pXCT provided total, trabecular and cortical density for the tibia. The DPX-IQ was used to assess the bone mineral density of the hip, femoral neck, wards triangle, trochanter, and lumbar vertebrae (L2-L4) in a subset of cadets. The Tanita 305 total body fat analyzer was used to assess weight, impedance, percent body fat, fat mass, lean body mass and total body water. Table 2 shows the number of participants each year for each outcome. Baseline  1999  2000  2001  2002  Body Composition  -1  767  527  394  431  Calcaneus  841  786  527  394  432  Spine  292  261  211  199  179  Hip  292  261  211  199  234  Tibia  768  700  527  392  431  Food Frequency  786  786  527  393  433  iVienstrual Fxn  118  92  73  88  103  EDI- (1) Body Composition was not performed the first year.
TABLE 2-SUMMARY OF DATA COLLECTION RESULTS 1998-2002

Data Collection
(2) The Eating Disorder Inventory-2 was only completed the final year.
(3) Blood Samples were only taken the first year.
(4) The baseline questioimaire was given to the cadets the first year to assess their level of prior physical activity and other historical lifestyle factors that could influence both stress fi-actures and peak bone mass.
Stress fractures, were continually assessed by the orthopedics department (Dr. Uhorochak) at USMA, on the basis of initial x-ray, confirmed stress fracture diagnoses, follow up x-ray or bone scan results. One hundred and thirty-one fractures have occurred among 91 cadets between initiation of cadet basic training, June 1998 and January 2002. Table 3 provides details on the skeletal site stress fractures. In addition to the data described above we are working closely with the dietary department to get nutritional evaluation of the meal plan and with the Department of Physical Education to get detailed sports participation to include in the analysis of predicting of stress fractures and peak bone mass.
An additional related study was added this year for parents who wished to participate in the study, "The Relationship of Parental Bone Mineral Density and Genetic Markers to the Bone Mineral Density and Genetic Markers of their Young Aduh Offspring" during their visit to the Academy during graduation. This study was approved by the Helen Hayes Hospital IRB on May 20,2002. (Appendix D) . The information from this parent study may provide insight as to whether the bone mineral density of the cadets was genetically determined or if it is primarily a function of their active healthy lifestyle. Each parent was provided with information about the study through an e-mail communication with their cadets who were participating in our study. Each parent signed an informed consent. (Appendix E) The tools used for the bone densitometry in this study included 2 Lunar Pixi peripheral DXA machines for calcaneus BMD and a mobile Limar DPX-IQ to assess the bone mineral density of the hip, femoral neck, wards triangle and the trochanter. The Tanita 305 total body fat analyzer was used to assess weight, impedance, percent body fat, fat mass, lean body mass and total body water. A Helen Hayes Clinical Research Center questionnaire assessed lifestyle factors (Appendix F) related to bone health and one 10 ml tube of blood was drawn for genetic assessment. Assisted USARIEM with the data collection for their IGF study. Designed and conducted a genetics study on the parents of participating cadets.
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SECTION IX-CONCLUSIONS Peak Bone Mass and Bone Mineral Density
Cadet's bone density measurements at the spine, hip, tibia and calcaneus v^ere one standard deviation above the population mean at the time of entry into USMA. The relationship between bone mineral density (BMD) at different skeletal sites, body mass index (BMI), fitness scores, past exercise and dietary habits and other lifestyle factors were assessed. Alcohol, tobacco, sah and caffeine consumption were not related to BMD at any skeletal site in either males or females. This could be a result of low prevalence of these negative influences or that the high level of fitness and load bearing prior to academy entrance mitigate the deleterious effect of these lifestyle factors. Males vs. Females seem to be influenced differentially by different lifestyle factors. In female cadets the number of menstrual cycles prior to entering the academy was predictive of bone density in the spine, hip and calcaneus with women who had 9 or less than cycles the year prior to entering the academy having significantly lower density (p <0.05). In men, greater exercise and higher calcium intake (milk) prior to academy entrance was predictive of greater calcaneal and tibial density, tibial mineral content, and greater cortical thickness. Bone density was also related to standardized run scores, PT score and BMI. When partial correlations between the three fitness variables and BMD were run, controlling for age, there was still a significant relationship between run score in males (r =-.20; p=.0001) but this was no longer significant in females.
Now that all 4 years of bone density testing have been completed, rates of change will be determined for each cadet and the predictors of peak bone mass will be assessed. Factors to be evaluated will include detailed dietary assessment, eating disorders, fitness level, body composition, sports and physical activity and a further evaluation of menstrual function in female cadets. Preliminary data indicate that accrual of bone mass only occiirred in female cadets v^th normal menstrual function. Additional analyses are currently underway.
Predictors of Stress Fractures:
In the cohort of military cadets participating during first three years there were 119 confirmed fractures in 79 cadets. Preliminary analyses suggest that run scores were lower in males and females that fi-actured. Bone density in females (heel, spine, hip) and males (tibia) who firactured was lower than in females/males without fracture. Although current menstrual function was not related to stress fractures in females, age at menarche occurred 6 months earlier in women with a stress fracture compared to those who did not fi-acture.
The collagen I Al (COLIAl) gene has been associated with fracture and central bone density in some but not all cohorts of men and women. An analysis of COLIAl gene in relationship to stress fracture showed that in this population COLIAl genotype was not significantly associated with stress fracture occurrence. Stress fracture occurrence, based on a nested case control study, was not associated with NTX, BSAP or BGP, IGF-1, or calcium homeostasis variable, which were measured at entry to USMA. Based on preliminary analysis, stress fracture occurrence is not related to variables of calcium homeostasis, bone turnover IGF-1 or COLIAl. Respond to all of the items, making sure that you circle the letter for the rating that is true about vou DO NOT FR A Qr, If you need to change an answer, make an "X" through the mcorrect letter andlhen c.cle7e ctrect one ^'
1. I eat sweets and carbohydrates without feeling nervous.
2. I think that my stomach is too big.
3. I wish that I could return to the security of childhood.
4. I eat when I am upset.
5. I stuff myself with food.
6. I wish that I could be younger.
7. I think about dieting.
8. I get frightened when my feelings are too strong.
9. I think that my thighs are too large.
10. I feel ineffective as a person.
HI feel extremely guilty after overeating.
12. I think that my stomach is just the right size.
i3. Only outstanding performance is good enough in my family.
14. The happiest time in life is when you are a child. Genetic factors are responsible for between 70-80% of peak bone mass. Environmental factors such as physical activity, oral contraceptive use, hormone replacement therapy and adequate calcium and vitamin D intake might help in maximizing an individual's peak bone mass. However,.-drinking excess alcohol, smoking, and decreased menstrual function might reduce a persons peak bone mass. The United States Military Academy cadets from the class of 2002 have been followed for 4 years in a Department of Army funded study (IRB approval for cadets was through Keller Army Hospital IRB). In this study the cadets have, on average, bone density one standard deviation above the mean young normal range. The assessment of the skeletal and genetic factors in the parents of cadets can provide some insight as to whether this was genetically determined or primarily a function of their active, healthy lifestyle. The power of the statistical analyses of genetic results found in the cadets will be substantially improved by the measurement of the same genetic markers in their parents. Parents of participants of will be recruited through their children. We hope to recruit up to 200 parents (100 sets) for this genetic study. Parents who are found to have osteoporosis will be sent a letter to give to their physician or a specialist for treatment of their osteoporosis.
e. Procedures:
Written informed consent is obtained before the densitometry measurements are made, blood samples are taken or the questionnaire is administered.
Interview
The study subjects will self administer a detailed questionnaire, regarding diet, physical activity, lifestyle behaviors, health status, medications, disease, bone fractures, age of menarche and menopause (if applicable). A member of the Clinical Research Center at Helen Hayes Hospital will be available to answer any questions that the parents might have.
Bone Mass and Body Composition Measurements
There is good evidence that the effects of various factors on bone density differ according to the relative proportion of cortical and trabecular bone at particular skeletal sites. Therefore, bone mass at two sites is measured: the heel and proximal femur on the mobile Lunar DPX-IQ dual energy X-ray absorptiometers (DXA) . If bone mass is found to be in the osteoporosis range subjects will be mailed a letter along with their results to give to their primary care physician. Body composition measurements will be taken by bioelectrical impedance on the Tanita 305 Body Fat analyzer. Study subjects are not charged for any of the measurements and the testing takes a total of 30-45 minutes.
Blood Samples
Two tubes (20 ml) of blood will be drawn on the morning of the BMD visit. Serum will be frozen at-70°C for future analysis of genetic markers. These indices will include polymorphisms that are related to bone and will be the same tests that are currently being measured in the cadet sample. These samples will be discarded two years after the collection date. There will be no testing done on the samples to determine biological parenting.
Evaluation
Parents will only be evaluated once during the week of graduation at West Point USMA. They will have the option of e-mailing to schedule their appointment or they will be provided a website and they can directly select the time of their visit to have bone density testing done on site at USMA All testing will be done using the Helen Hayes Hospital Mobile densitometer and peripheral bone densitometers.
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Confidentiality and anonyitiity will be preserved. All information on study subjects is kept in locked file cabinets and is available only to the research staff. Names and other identifying information are kept separate from the questionnaires. Data are presented by group statistics, not individual names.
Any abnormalities found, on any of the tests in this study will be kept confidential and forwarded to subjects primary care physician with their approval.
g. Potential Risks and Benefits.
There is exposure to very low levels o^ radiation from the bone densitometry measurements. The radiation dose for the heel assessment is 4 mrems. Finally, the exposure level for the hip is 4 mrems. The total radiation exposure is less than the exposure of one chest x-ray. The risks of drawing two tubes of blood are minimal in these healthy individuals and no complications are expected. The body composition has no known risk. The primary benefit of the study is that each subject will learn more about their bone health and body composition.
h. Compensation.
The parents of the cadets will not be compensated for participation in this study. Introduction: Peak bone mass is the lifetime maximum bone mass (strength) of an individual and is usually reached at age 17-25. Genetic factors are responsible for between 70-80% of peak bone mass. Environmental factors such as physical activity, oral contraceptive use, hormone replacement therapy and adequate calcium and vitamin D intake might help in maximizing an individual's peak bone mass. However, excess alcohol drinking, smoking, and decreased menstrual function might reduce peak bone mass. Examining the relative role of genetics and environmental factors is important to understand determinants of peak bone mass and to learn how to prevent fractures and osteoporosis (a disease of reduced bone mass and high bone fracture risk) . Bone Mass Measurements Bone mass will be measured at your heel and hip using technology called dual x-ray absorptiometry or DXA. These measurements will be done here at USMA. and should take a total of 30 minutes. Your results will be forwarded to you, to discuss with your primary care physician.
Blood Samples Two tubes (20 ml) of blood will be drawn during your visit. Blood samples will be analyzed for genetic variation that may be related to bone health. The same genetic markers for bone have been measured on your son or daughters blood sample we collected.4 years ago. Your samples will be kept two years after they are collected and then they will be discarded. The samples will not be evaluated
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to determine biological parents of the cadet.
Body Composition Body Composition will be assessed by bioelectrical impedance, which involves stepping on a device similar to a scale that can determine your percent body fat.
III. Risks and Benefits;
There is exposure to very low levels of radiation from the bone density testing. Radiation exposure is less than a standard chest x-ray for all measurements of your bone. This radiation exposure is the same as the background radiation you would get flying from New York to California.
The risks of drawing two ti±ies of blood are minimal, possible risks include bruising, infection, bleeding, fainting and minor pain at the blood drawing site. Your blood sample will be discarded after two years in order to allow time for the specialized genetic tests related to bone health to be performed.
The primary benefit of the study is that each subject will learn more about his or her bones.
IV. Confidentiality of Records
Confidentiality will be maintained, all information from this study will be maintained in locked file cabinets and is available only to the research staff. Your name and other identifying information will be kept separate from your questionnaires. Data on your results will be presented by group statistics, not individual names or data. The testing of genetic markers related to bone health will be performed in a specialized lab in England. Since these results only have scientific meaning we will not send you results of the genetic tests. The only marking on your blood tube will be a study identification number. All data entered from your visit will be entered into a computer that will not have your name or other unique identities but instead a study identification number. The lab will send us back the levels of each genetic marker, which we will link with our database, which also only contain your study identification number. Your blood sample will be discarded after two years in order to allow time for the specialized genetic tests related to bone health to be"performed.
V. Compensation: You will not be compensated for participation in this study.
SlOreP CONSENT:
I have been satisfactorily informed of the procedure described above with its possible risks and benefits. I have been encouraged to ask any and all questions about this procedure. I understand that, if I think of more questions later. Dr. Cosman or her associates will be able to answer them (845-786-4494 Bone Mass Measurements Bone mass will be measured at your heel and hip using technology called dual x-ray absorptiometry or DXA. These measurements will be done here at USMA and should take a total of 30 minutes. Your results will be forwarded to you, to discuss with your primary care physician.
Blood Samples Two tubes (20 ml) of blood will be drawn during your visit. Blood samples will be analyzed for genetic variation that may be related to bone health. The same genetic markers for bone have been measured on your son or daughters blood sample we collected 4 years ago. Your samples will be kept two years after they are collected and then they will be discarded. The samples will not be evaluated
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III. Risks and Benefits:
The risks of drawing two tubes of blood are minimal, possible risks include" bruising, infection, bleeding, fainting and minor pain at the blood drawing site. Your blood sample will be discarded after two years in order to allow time for the specialized genetic tests related to bone health to be performed.
IV. Confidentiality of Records
Confidentiality will be maintained, all information from this study will be maintained in locked file cabinets and is available only to the research staff. Your name and other identifying information will be kept separate from your questionnaires. Data on your results will be presented by group statistics, not individual names or data. The testing of genetic markers related to bone health will be performed in a specialized lab in England. Since these results only have scientific meaning we will not send you results of the genetic tests. The only marking on your blood tube will be a study identification number. All data entered from your visit will be entered into a computer that will not have your name or other unique identities but instead a study identification number. The lab will send us back the levels of each genetic marker, which we will link with our database, which also only contain your study identification number. Your blood sample will be discarded after two years in order to allow time for the specialized genetic tests related to bone health to be performed.
V. Ccanpensation:
You will not be compensated for participation in this study.
SIGNED CONSENT:
I have been satisfactorily informed of the procedure described above with its possible risks and benefits. I have been encouraged to ask any and all questions about this procedure. I understand that, if I think of more questions later, Dr. Cosman or her associates will be able to answer them (845-786-4494 I know I may withdraw from the study at any time without losing any rights or benefits I have as a patient of Helen Hayes Hospital now or in the future. e) In participating in this study, I know that Helen Hayes Hospital has the right to stop the study at any time.
f) I will receive a copy of this form. g) I will be told of any significant new medical progress during the course of this study that may change my willingness to continue my participation in this study. 
